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Abstract
Background: Weight �uctuation (WF) is highly prevalent in parallel with the high prevalence of intentional
or unintentional dieting. The health risks of frequent WF for metabolic syndrome (MS) have become a
public health concern, especially for health care providers who supervise dieting as an intervention to
prevent obesity-related morbidity or to improve health, as well as for the general population for whom
dieting is of interest. The aim of this study was to investigate the long-term effect of WF on the risk of MS
in Koreans.

Methods: This study analyzed secondary data from the Korean Genome and Epidemiology Study, a 16-
year prospective cohort study, on 8,150 individuals using time-dependent Cox regression.

Results: WF did not increase the risk of MS in either normal-weight or obese subjects. In an analysis of
the components of MS, greater WF signi�cantly increased the risk of abdominal obesity (HR=1.05, 95%
CI=1.02-1.07, p=.002) in normal-weight individuals. However, WF did not increase the risk of
hyperglycemia, low high-density lipoprotein cholesterol levels, elevated blood pressure, or raised fasting
glucose in normal-weight individuals, and it did not in�uence any of the components of MS in obese
individuals.

Conclusion: Since WF was found to be a risk factor for abdominal obesity, which is the most reliable
predictor of MS, it should be considered when addressing weight control. Further studies on cut-off points
for the degree of weight loss in a certain period need to be conducted to help clinicians provide guidance
on appropriate weight control.

Background
Dieting, which refers to weight control behaviors with the intention to lose weight or fat [1], is highly
prevalent worldwide regardless of individuals’ obesity status [1, 2]. Most people who are obese or
overweight go on a diet on one or more occasions in their lifetime given the health risks and
discrimination associated with obesity, and those who are non-obese often diet due to socio-cultural
pressures to attain a slim �gure, as well as in response to concerns regarding the emergence of an
obesogenic environment [1, 2].

In parallel to the prevalence of dieting, weight �uctuation (WF)―also commonly known as frequent
weight change or weight cycling―is also highly prevalent and is also not restricted to those who are
obese or overweight [1, 2]. The health risks of frequent WF have been emphasized as a public health
concern, especially for health care providers who supervise dieting as an intervention to prevent obesity-
related morbidity or to improve health, as well as for the general population for whom dieting is of interest
[2–4]. This is because WF and MS are known to increase morbidity and mortality due to cardiovascular
disease, an important cause of human death worldwide [5–8]
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In South Korea, the age-adjusted prevalence of metabolic syndrome has signi�cantly increased from
24.9% in 1998, 29.2% in 2001, and 30.4% in 2005 to 31.3% in 2007. Abdominal obesity and dyslipidemia
were identi�ed as major contributing factors to the increased prevalence of metabolic syndrome in Korea
during this 10-year period [9]. Therefore, extensive research has been conducted through the Korean
Genome and Epidemiology Study (KoGES) with a focus on metabolic syndrome and T2DM because of
the relatively high prevalence of these conditions in the population and clear disease ascertainment [10].

Although some studies have attempted to provide evidence for the common perception that WF increases
cardiovascular disease [5–8], the �ndings are inconsistent and sparse [1, 11, 12]. Various interpretations
have been put forth regarding the potential association between WF and cardiovascular disease. One
explanation is that WF is associated with metabolic disturbances, such as insulin resistance [13],
abdominal fat accumulation [14, 15], and an increased risk for diabetes [6, 16]. Another explanation is
that people with risk factors for CVD are more likely to have WF as a result of their daily behaviors.
However, the above explanations are assumptions with no clear evidence [8].

Previous review studies on this topic have mostly shown non-deleterious associations with WF or have
only found deleterious effects in non-obese populations [1, 11]. Metabolic syndrome (MS), a cluster of
cardiovascular risk factors including obesity, insulin resistance, dyslipidemia, and hypertension, is
associated with elevated risks for type 2 diabetes and cardiovascular disease [19, 20]. It has been di�cult
to obtain conclusive evidence con�rming a link between WF and MS due to variation in the subjects,
design, and methodologies of previous studies on this topic, with particularly salient issues including the
lack of a standard de�nition of WF and its patterns (in particular, with regard to length, amplitude, and
frequency), differences in the impact of WF on MS according to baseline weight status, and the inclusion
of diverse but limited populations (such as older age groups, males or females, smokers, or individuals
belonging to speci�c races) in previous studies [1, 11].

Therefore, this study was conducted to investigate the long-term contribution of body-weight variability to
MS after adjusting for well-known risk factors in community-dwelling adults in South Korea.

Methods
Study data and quality control

This study used secondary prospective cohort data from the KoGES [10], conducted by the National
Institute of Health of the Korean Centers for Disease Control and Prevention (KCDC). The KoGES was
conducted to establish a genomic and epidemiologic database for examining genetic and environmental
effects on the prevalence of major noncommunicable diseases, such as diabetes mellitus, hypertension,
obesity, and MS in Koreans.

In total, 10,030 adults aged 40–69 years living in two cities―Ansan (urban) or Ansung (rural)―in Korea
were recruited at 28 health examination centers as the baseline cohort in 2001–2002 and were followed
up biennially to November 2016. All participants completed interviewer-administered questionnaires on
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demographic information, lifestyle factors (including dietary habits), their health condition, and medical
history, and anthropometric measurements were also acquired every two years and biochemical tests
were conducted biennially.

Study participants recruited at 28 health examination centers across the country took part in
questionnaire-based interviews conducted by trained interviewers to obtain their sociodemographic and
health behavioral information, and anthropometric measurements and clinical examinations were
performed by trained personnel based on the study’s protocol.

The detailed pro�le and methods of the construction of the KoGES cohort have been described elsewhere
[10]. The KoGES participants were recruited with the cooperation of local organizations such as public
health centers, and after completing a written consent form to participate in the study, they received
questionnaires and checkups about their health status and lifestyle, which lasted for approximately 2–3
hours. In order to reduce the inter- and intra- observer bias between the two cohorts in Anseong and
Ansan, standardization training between and within cohorts was regularly conducted starting from the
baseline survey. Standardized education and practice with Anseong and Ansan cohort researchers were
conducted with a focus on training researchers to measure items with the potential for errors in test
values, such as questionnaire methods, blood pressure measurement techniques, diabetes test methods,
and standardization of device use. No signi�cant differences were found among the measured values. In
addition, within the cohort, maintenance training was regularly conducted three to four times each year.

The questionnaire data were generated through two steps, in which a surveyor interviewed a participant
using a questionnaire and then entered the content into the system. To prevent input errors, the
questionnaire results were entered twice and data were saved only if the �rst and second input results
matched.

Over the course of the study, promotional materials were regularly sent to each participant, and several
phone calls were made to con�rm health information, disease status, death, and cause of death after
baseline/tracking investigations through the person and his/her family. In particular, the death
information from the National Statistical O�ce was used as secondary data, in addition to the data
collected through the cohort, to recon�rm the occurrence of death, the date of death, and the cause of
death.

All collected data were input and managed in the KoGES program of the Cohort Epidemiologic
Information System by the Korean National Institute of Health. This process was thoroughly managed
through the following separate processes (1) integration of collected data, (2) initial quality control, (3)
data cleaning for single variables, (4) data cleaning for related variables, and (5) statistical quality
control.

Study subjects
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Of these 10,030 subjects, 8,150 individuals were analyzed after excluding those (n = 1,880) who 1) were
diagnosed with and prescribed medications for MS-related diseases (diabetes, hypertension, and
hyperlipidemia), cardiovascular diseases (coronary artery disease and cerebrovascular disease), or any
cancer at baseline (n = 834); 2) were underweight (n = 184); or 3) missed a follow-up survey (n = 862).
Subjects with MS-related diseases, cardiovascular diseases, or cancer were excluded to determine more
precisely the association between WF and incident MS or its components and to exclude patients with
factors known to be associated with unintentional weight loss [21]. Underweight participants were
excluded because they comprised an insu�cient sample size. We classi�ed the participants into two
groups―non-obese and obese―according to their obesity status in the �nal analysis (Fig. 1).

Ethical considerations

The KoGES study protocol was reviewed and approved by the Institutional Review Board of the KCDC,
and all study participants submitted written informed consent before enrollment.

Participants voluntarily completed a self-administered questionnaire, which included questions on their
previous medical history and health-related behavior. Anthropometric measurements and laboratory tests
were conducted as part of a general health check-up, and participants were informed of the results.

This research was approved by the institutional review board of Jeonbuk National University (JBNU
201803019). The KCDC provided the raw data after reviewing our study’s plan and IRB approval.

Data sharing

We sent our research plan and IRB approval from our a�liated institution to the KCDC, and pledged to
use the data appropriately. After that, the raw data were downloaded from the website.

Measurements

Independent variables

The independent variables included WF, with covariates including age at baseline, sex, education
(elementary school, middle school, high school, junior college, or university graduation), marital status
(divorced, widowed, single/married, or cohabiting), monthly income (10,000 Korean won), drinking status,
and smoking status. The health behavioral information on drinking (never drinker in one’s lifetime, ex-
drinker, or current drinker) and smoking status (never smoker in one’s lifetime, ex-smoker, or current
smoker) was self-reported [10].

WF was calculated using weight at each follow-up using the following formula: (|weight1- weight2| +
|weight2- weight3| + ... + |weightn−1-weightn|)/n-1. We calculated WF including the body-weight values
from baseline to just before the event (MS) was captured. WF was de�ned as the sum of the absolute
values of the previous weight minus the next weight divided by the number of measurements minus 1. In
other words, from 2001–2002 to 2016, a maximum of 8 measurements were performed every 2 years,
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and subjects who missed more than 3 examinations were excluded, so the sum of at least 4 absolute
values of weight differences were divided by 3 or more. A larger WF means a larger weight change during
the cohort data collection period.

The body weight and height were measured to evaluate participants’ level of obesity in terms of the body
mass index (BMI). Body weight and height were measured to the nearest 0.1 cm and 0.1 kg, respectively,
while participants wore light clothes without shoes. BMI was calculated as kilograms per meter squared,
and normal-weight and obese subjects were classi�ed as 18–25 kg/m2 and > 25 kg/m2 respectively, in
keeping with the cut-off values recommended for Asian populations [7, 10]. The criteria described are
widely used in Korea and Japan to compensate for the problem that the universal standard proposed by
the World Health Organization [22] is not suitable for Asians [23, 24]. There are no existing �ndings
regarding body-weight �uctuation and mortality in Asian populations [7], and to the best of our
knowledge, there is no standard of obesity generally recognized to be suitable for Asians.

Dependent variables
The dependent variables included MS and its �ve components. MS was de�ned by the presence of three
or more of the following �ve components according the Adult Treatment Panel using waist circumference
for Asians [17]: 1) central obesity (≥ 90 cm for men or ≥ 80 cm for women), 2) low high-density
lipoprotein cholesterol (HDL-C) (< 40 mg/dL for men or < 50 mg/dL for women), 3) hypertriglyceridemia (a
triglyceride level ≥ 150 mg/dL), 4) elevated blood pressure (BP) as de�ned by a systolic BP ≥ 130 mmHg
or a diastolic BP ≥ 85 mmHg, and 5) raised fasting glucose (≥ 100 mg/dL).

Waist circumference was measured midway between the inferior margin of the last rib and the crest of
the ilium in a horizontal plane with units of 0.1 cm. Blood pressure was measured twice on the subject’s
dominant arm while in the sitting position with a 5-minute interval between readings using a mercury
sphygmomanometer, and the mean of the two measurements was reported.

A blood sample for triglycerides, fasting glucose, and HDL-C was drawn after 12 hours of fasting and
laboratory tests were performed using a Hitachi 747 chemistry analyzer at a central laboratory.

Data analysis

Continuous variables were reported as mean ± standard deviation and categorical variables were
expressed as numbers and percentages to describe the sociodemographic and health behavioral
characteristics of the study subjects. Comparisons between the normal BMI group and obese BMI group
were performed using the Student t-test for continuous variables, and the chi-square test for categorical
variables. Kaplan-Meier curves were used to calculate cumulative MS incidence rates according to
obesity status, and the statistical signi�cance of differences was compared using the log-rank test. Since
people’s weight changes over time, time-dependent Cox regression was performed to re�ect changes in
weight during follow-up on the risk of MS and its components [25]. The time segments corresponded to
weight measurements at intervals of 2 years or more. The models were adjusted for sociodemographic
and health behavioral variables. The results are presented as hazard ratios (HRs) and 95% con�dence
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interval (CIs). All reported P-values are two-sided, and P-values < 0.05 were considered to indicate
statistical signi�cance. All analyses were performed with SAS software, version 9.4 (SAS Institute, Cary,
NC, USA).

Results
The baseline sociodemographic, health behavioral, and physiological data of the study subjects are
shown in Tables 1 and 2. Of a total of 8,150 subjects, 57.1% (4,653 individuals) had a normal BMI (18–
25 kg/m2), and 42.9% (3,497 individuals) had an obese BMI (> 25 kg/m2). Overall (i.e., in both groups),
the participants were on average 51 years old and were predominantly female (53.2%), less educated
(32.7% for elementary education), married/cohabiting (90.6%), lower-income (earning less than 2,000,000
Korean won monthly, or about 2,000 dollars) (48.4%), current drinkers (48.1%), and never smokers
(49.6%). The obese group showed statistically signi�cantly higher proportions of female subjects (55.9%
vs. 50.4%), subjects with a lower education level (34.4% vs. 30.4% for elementary education), and
subjects with a higher monthly income (8.7% vs. 6.9% for earning more than 4,000,000 Korean won), and
never and ex- drinkers and smokers (53.6% vs. 50.3% and 78.0% vs. 71.9%) than the normal-weight group.
No signi�cant differences in marital status or age between groups were observed. The normal and obese
groups had mean BMIs of 22.60 kg/m2 and 27.43 kg/m2 and mean weights of 58.32 kg and 69.91 kg,
respectively. The mean WF during the cohort period was 1.71 ± 4.6 kg in the normal BMI group and 2.04 ± 
5.73 kg in the obese BMI group.
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Table 1

Sociodemographic and health behavioral characteristics at baseline: a 16-year prospective prospective
cohort study in South Korea

   18<BMI≤25
(kg/m2)

(n=4653, 57.1%)

BMI>25 kg/m2

(n=3497,
42.9%)

P-value

Age at baseline
(years)

 (mean ± SD) 51.83±9.03 51.60±8.41 0.247

   40–49 2313(49.7) 1733(49.6)  

   50–59 1141(24.5) 978(28.0)  

   60–69 1199(25.8) 786(22.5)  

Sex Male 2310(49.6) 1542(44.1) <0.001 

  Female 2343(50.4) 1955(55.9)  

Education Elementary school 1425(30.9) 1193(34.4) 0.001

  Middle school 1071(23.2) 798(23.0)  

  High school 1506(32.6) 1001(28.9)  

  Junior college 179(3.9) 123(3.5)  

  University 431(9.4) 335(9.6)  

Marital status Divorced/widowed/single 423(9.2) 335(9.6) 0.455

  Married/cohabiting 4199(90.8) 3140(90.4)  

Monthly income

 (10,000 won)

<100 1609(35.2) 1110(32.4) 0.007

  100–200 1333(29.2) 1039(30.3)  

  200–300 855(18.7) 631(18.4)  

  300–400 457(10.0) 351(10.2)  

  ≥400 315(6.9) 298(8.7)  

Drinking Never drinker 2049(44.5)** 1636(47.2) 0.010 

  Ex-drinker 266(5.8) 211(6.4)  

  Current drinker 2294(49.7) 1607(46.4)  

Smoking Never smoker 2621(57.0)*** 2141(62.2) <0.001

  Ex-smoker 685(14.9) 545(15.8)  
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  Current smoker 1291(28.1) 759(22.0)  

BMI, body mass index.

 

Table 2
MS characteristics at baseline and weight �uctuation: a 16-year prospective cohort study in South Korea 

  18 < BMI ≤ 25 BMI > 25 kg/m2  

N(%) n = 4653(57.1%) n = 3497(42.9%) p value

BMI (kg/m2) 22.60 ± 1.62 27.43 ± 2.08 < 0.001

Weight (kg) 58.32 ± 7.42 69.91 ± 8.88 < 0.001

Height (cm) 160.41 ± 8.45 159.49 ± 8.92 < 0.001

Weight �uctuation (kg) 1.71 ± 4.61 2.04 ± 5.73  

Waist circumstance (cm) 78.30 ± 6.71 88.75 ± 7.06 < 0.001

HDL-C level (mg/dL) 51.55 ± 12.09 46.90 ± 10.58 < 0.001

Triglyceride levels (mg/dL) 135.00 ± 95.28 173.30 ± 117.10 < 0.001

BP (systolic BP) (mmHg) 119.20 ± 18.26 125.10 ± 18.26 < 0.001

Fasting glucose (mg/dL) 89.25 ± 18.13 93.45 ± 19.96 < 0.001

(N = 8150, %)

MS, metabolic syndrome; BMI, body mass index; HDL-C, high-density lipoprotein cholesterol; BP, blood
pressure.

 

The Kaplan-Meier curves illustrate the trend of risk for MS according to BMI groups. MS showed a
signi�cantly higher incidence in the obese group than in the normal-weight group (log-rank test p < 0.001)
(Fig. 2). As shown in Tables 3 and 4, time-dependent Cox proportional hazards models were constructed
to investigate the association between WF and the risk of MS and its components. After adjusting for
age, sex, education, marital status, monthly income, drinking status, and smoking status, a greater
magnitude of WF did not increase the risk of incident MS, regardless of baseline obesity status. In
addition, in the normal-weight group, older age at baseline, lower education, lower income, and current
smoking were associated with a higher risk of MS. In the obese group, older age, male sex, lower
education, lower income, and current smoking were associated with a higher risk of MS.
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Table 3
Time-varying Cox proportional hazards models of weight change for metabolic syndrome: a 16-year

prospective cohort study in South Korea

    18 < BMI ≤ 25 (kg/m2) BMI > 25 kg/m2

    Adjusted
HR

(95% CI)

p Adjusted
HR

(95% CI)

p

WF   1.01

(0.98–
1.04)

0.569 1.00

(0.98–
1.02)

0.726

Age at
baseline

  1.04

(1.03–
1.04)

< 
0.001

1.02

(1.01–
1.02)

< 0.001

Sex Male 1   1  

  Female 1.11

(0.92–
1.34)

0.266 0.83

(0.71–
0.97)

0.021

Education Elementary school

(from 1st to 6th grade)

1   1  

  Middle school

(from 7th to 9th grade)

0.88

(0.75–
1.03)

0.100 0.80

(0.70–
0.91)

0.001

  High school

(from 10th to 11th grade)

0.69

(0.59–
0.82)

< 
0.001

0.75

(0.65–
0.86)

< 0.001

  Junior college 0.67

(0.47–
0.95)

0.023 0.69

(0.52–
0.91)

0.014

  University 0.63

(0.50–
0.81)

0.003 0.64

(0.53–
0.78)

< 0.001

Marital status Divorced/widowed/single 1   1  

HR, hazard ratio; CI, con�dence interval, WF; weight �uctuation; BMI, body mass index.

The HR model was adjusted for age, sex, education, marital status, monthly income, drinking, and
smoking.
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    18 < BMI ≤ 25 (kg/m2) BMI > 25 kg/m2

  Married/cohabiting 0.86

(0.72–
1.03)

0.028 0.98

(0.84–
1.15)

0.833

Monthly
income

(10,000 won)

< 100 1   1  

  100–200 0.72

(0.62–
0.83)

< 
0.001

0.87

(0.77–
0.98)

0.019

  200–300 0.63

(0.52–
0.76)

< 
0.001

0.68

(0.59–0.8)

< 0.001

  300–400 0.60

(0.48–
0.76)

< 
0.001

0.59

(0.49–
0.72)

< 0.001

  ≥ 400 0.59

(0.45–
0.77)

0.001 0.61

(0.5–0.74)

< 0.001

Drinking Never drinker 1   1  

  Ex-drinker 0.98

(0.76–
1.25)

0.857 0.97

(0.8–1.18)

0.746

  Current drinker 0.95

(0.83–
1.09)

0.435 0.93

(0.83–
1.04)

0.177

Smoking Never smoker 1   1  

  Ex-smoker 1.20

(0.97–
1.49)

0.091 0.95

(0.80–
1.13)

0.555

HR, hazard ratio; CI, con�dence interval, WF; weight �uctuation; BMI, body mass index.

The HR model was adjusted for age, sex, education, marital status, monthly income, drinking, and
smoking.
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    18 < BMI ≤ 25 (kg/m2) BMI > 25 kg/m2

  Current smoker 1.77

(1.47–
2.14)

< 
0.001

1.33

(1.14–
1.55)

0.003

HR, hazard ratio; CI, con�dence interval, WF; weight �uctuation; BMI, body mass index.

The HR model was adjusted for age, sex, education, marital status, monthly income, drinking, and
smoking.

 
Table 4

Time-varying Cox proportional hazards models of weight change for metabolic syndrome components
after adjusting for covariates: a 16-year prospective cohort study in South Korea

  18 < BMI ≤ 25 (kg/m2) BMI > 25 kg/m2

  Adjusted HR (95% CI) p Adjusted HR (95% CI) p

Abdominal obesity 1.05

(1.02–1.07)

< 0.001 1.01

(1.00-1.03)

0.349

Reduced HDL-C 0.99

(0.97–1.02)

0.349 1.01

(1.00-1.03)

0.372

Hypertriglyceridemia 0.99

(0.97–1.02)

0.588 0.99

(0.96–1.01)

0.819

Elevated BP 1.01

(0.98–1.04)

0.810 0.99

(0.97–1.02)

0.313

Raised fasting glucose 1.02

(1-1.03)

0.344 1.01

(1-1.03)

0.211

*p < .05, **p < .01, ***p < .001.

HR, hazard ratio; CI, con�dence interval; BMI, body mass index; HDL-C, high-density lipoprotein
cholesterol; BP, blood pressure.

The HR model was adjusted for age, sex, education, marital status, monthly income, drinking, and
smoking.

 

As for the association between WF and the risk of MS components, greater WF signi�cantly increased
only the risk of abdominal obesity (HR = 1.05, 95% CI = 1.02–1.07, p < 0.001) in the normal-weight group.
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It did not increase the risk of hyperglycemia, low HDL-C levels, elevated BP, or raised fasting glucose in the
normal-weight group, and it did not in�uence any of the MS components in the obese group.

Discussion
This study found that WF had no statistically signi�cant effect of MS in either normal-weight or obese
individuals. Furthermore, with regard to the components of MS, WF signi�cantly increased only the risk of
abdominal obesity and did not increase the risk of hyperglycemia, low HDL-C levels, elevated BP, and
raised fasting glucose in the normal-weight group, and it did not in�uence any of the components of MS
in the obese group. A multiethnic cohort study reported that Japanese American women had greater
abdominal and visceral adiposity than Caucasian women with similar BMI [26]. The researchers
suggested that even with the same BMI, management strategies should be more sensitive in Asian
women, and that interventions should start at a lower BMI. Among Japanese men, long-term WF was
associated with MS independent of current BMI [5]. The �nding that only abdominal obesity was
signi�cant in our study could be considered in light of the �nding of greater abdominal adiposity in
Japanese American women, given the geographic proximity of South Korea to Japan.

The �ndings of previous studies on the relationship between WF and MS are sparse and inconsistent,
which has made this relationship a topic of ongoing interest. Some previous studies suggested that WF
increased the risks of MS [5, 27], while others did not [1, 2]. The following factors may explain the
diversity of previous study �ndings: (1) a universally accepted de�nition of WF does not exist, so the
measurements used in previous studies were diverse; (2) subjects were mostly classi�ed qualitatively
according to researchers’ arbitrary cut-off points, thereby inducing classi�cation bias; and (3) variation in
statistical methods, such as quantitatively estimating the slope, the trend index (regression coe�cient),
and the deviation from the slope, the WF index (the root mean square error), or de�ning WF as at least
two episodes of weight variation (e.g., weight loss followed by weight regain) [5, 27]. The comparability of
the results of the latter two studies is also limited due to differences in how WF was de�ned in terms of
length, amplitude, and frequency [1, 11]. Intermittent weight measurements may conceal a number of
unmeasured �uctuations in the interim, potentially underestimating the in�uence of WF on the risk of MS
[1, 28]. At the same time, those studies counted consecutive weight loss or weight gain once, rather than
separately, as weight change; since the amplitude of WF has a greater impact than its frequency on the
risk of MS [12, 27], de�ning weight change in this way may have led to an overestimation of MS risk.

Although most studies related to WF have used the term WF interchangeably with weight change, weight
cycling, and yo-yo dieting, the de�nitions of these terms should be clearly distinguished. Weight change
means either an increase or decrease in weight, weight cycling and yo-yo dieting refer to intentional
weight loss followed by unintentional weight regain [1, 11], and WF refers to successive episodes of
weight change, especially continuous episodes of weight change in any direction, even including
successive weight loss or weight gain. This de�nition of WF was applied in the present study, as distinct
from the other similar de�nitions. Furthermore, to minimize the impact of making WF measurements at
varying intervals, time-dependent Cox regression analysis was conducted in this study, because this
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technique is well suited to represent WF and helps avoid bias introduced by analyzing time course
variables in combination with survival time [25, 29].

Regarding the associations of WF with MS components, this study found that WF increased the risk of
abdominal obesity in the normal-weight group, but not in the obese group. This �nding is consistent with
previous �ndings that WF showed a valid relationship with MS in those who were lean, but that
con�icting results were found in those who were obese [11, 19, 20]. This is reasonable because it is likely
that obese individuals are more likely to already have abdominal obesity, thereby leading to an
underestimation of the effects of WF on abdominal obesity in this group. Furthermore, it was
demonstrated in this study that older age affected the risk of MS, in accordance with previous proposals
that age-related changes, including weight gain after weight loss, increases in fat, and changes in the
distribution of fat in the body (such as increased fat accumulation in the trunk in men and in the limbs in
women), can be explained through both metabolic routes (e.g., the loss of lean mass, adaptive
thermogenesis, reduced metabolic rate, and fat overshooting) and psychological routes (e.g.,
preoccupations with food and food obsession) [11, 19, 20, 30, 31–32]. Since waist circumference has
been identi�ed to be a good predictor of various health outcomes, including MS [33, 34], and Asians
(including Koreans) have more visceral fat tissue at speci�c levels of obesity than other races [34, 35], the
impact of WF on abdominal obesity should be noted. However, in this study, associations were not found
between WF and hyperglycemia, low HDL-C levels, elevated BP, or raised fasting glucose.

A limitation of this study is that weight was measured at quite a long interval (2 years or longer), which
may make it di�cult to identify episodes of WF in the meantime. This may have led to an
underestimation of the risk of WF on the health outcomes analyzed in this study [1, 28]. However, a
previous study demonstrated that the amplitude of WF was more closely associated with the risk of MS
than its interval [27]. Furthermore, since the number of subjects was large and the measurement period
for each subject was regular (roughly every 2 years), we expect that this limitation would have been
slightly offset.

However, this study also has important strengths. First, a large and representative national Asian study
population was used. Second, a longitudinal method, which is suitable for identifying cause-and-effect
relationships [36], was used. Finally, we made a novel contribution by attempting to analyze WF based on
a careful de�nition of WF that differentiated it from other similar terms. The de�nition of WF and the
statistical methods deployed herein could be used in other studies.

We used BMI as an indicator of obesity. However, it has been proposed that waist circumference, as an
indicator of fat distribution, may be a more accurate criterion for Asians. Therefore, future studies should
also analyze waist circumference.

Conclusion
In a 16-year cohort study, the relationship between WF and MS, which is a risk factor for cardiovascular
disease, was not signi�cant in either normal-weight or obese individuals. Only abdominal obesity in
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normal-weight individuals was affected by WF. Since WF slightly affected the abdominal obesity of
normal-weight individuals, health care personnel should pay attention to WF when working towards
weight control in patients with a normal weight. In other words, we should focus on whether patients are
losing enough weight to maintain a healthy weight, rather than losing excessive weight. Furthermore, no
single clear criterion is widely accepted for obesity or WF, so it may be necessary to repeat this research
using other criteria than BMI.

Abbreviations
WF: weight �uctuation; MS: metabolic syndrome; HR: hazard ratio; CI: con�dence interval.

Declarations
Ethics approval and consent to participate.

The KoGES study protocol was reviewed and approved by the Institutional Review Board of the KCDC,
and all study participants submitted written informed consent. This research was approved by the
institutional review board of Jeonbuk National University (JBNU 201803019). The KCDC provided the raw
data after reviewing our study’s plans and IRB approval (included in the Methods section).

Consent for publication

Not applicable.

Availability of data and materials

The datasets generated during the current study are available in the Korea National Health and Nutrition
Examination Survey (KNHANES) repository, https://knhanes.cdc.go.kr/knhanes/eng/index.do

Competing interests

The authors declare that they have no competing interests.

Funding

This work was supported by the National Research Foundation of Korea(NRF) grant funded by the Korea
government(MSIT) (No.1801000565).

Authors’ contributions

ES planned the design of this study and carried out the statistical analysis and ES and YR wrote the
present manuscript. Both authors read and approved the �nal manuscript.

Acknowledgements



Page 16/20

The data for this work were provided by the Korean Centers for Disease Control and Prevention (KCDC).

References
1. Montani JP, Schutz Y, Dulloo AG. Dieting and weight cycling as risk factors for cardiometabolic

diseases: who is really at risk? Obes Rev. 2015; 16(1):7-18.

2. Lowe M. Dieting: proxy or cause of future weight gain? Obes Rev. 2015; 16(1):19-24.

3. Rosenbaum M, Kissileff HR, Mayer LE, Hirsch J, Leibel RL. Energy intake in weight-reduced humans.
Brain Res. 2010; 1350:95-102.

4. Kraemer HC, Stice E, Kazdin A, Offord D, Kupfer D. How do risk factors work together? Mediators,
moderators, and independent, overlapping, and proxy risk factors. Am J Psychiatry. 2001; 158:848-
56.

5. Zhang H, Tamakoshi K, Yatsuya H, Murata C, Wada K, Otsuka R, et al. Long-term body weight
�uctuation is associated with metabolic syndrome independent of current body mass index among
Japanese men. Circ J. 2005; 69:13-8.

�. Bangalore S, Fayyad R, Laskey R, DeMicco DA, Messerli FH, Waters DD. Body-weight �uctuations and
outcomes in coronary disease. N Engl J Med. 2017; 376(14):1332–40.

7. Oh T, Moon J, Choi S, Lim S, Park K, Cho N, et al. Body-weight �uctuation and incident diabetes
mellitus, cardiovascular disease, and mortality: a 16-Year Prospective cohort study. J Clin Endocrinol
Metab. 2019; 104(3):639–46.

�. Zou H, Yin P, Liu L, Liu W, Zhang Z, Yang Y, et al. Body-Weight Fluctuation Was Associated With
Increased Risk for Cardiovascular Disease, All-Cause and Cardiovascular Mortality: A Systematic
Review and Meta-Analysis. Front. Endocrinol. 2019; 10, 728.

9. Hong AR, Lim S. Clinical characteristics of metabolic syndrome in Korea, and its comparison with
other Asian countries. J Diabetes Investig. 2015; 6:508-15.

10. Kim Y, Han B-G, Group K. Cohort pro�le: the Korean genome and epidemiology study (KoGES)
consortium. Int J Epidemiol. 2017; 46(2):e20.

11. Mehta T, Smith Jr DL, Muhammad J, Casazza K. Impact of weight cycling on risk of morbidity and
mortality. Obes Rev. 2014; 15(11):870-81.

12. Lee JS, Kawakubo K, Kobayashi Y, Mori K, Kasihara H, Tamura M. Effects of ten year body weight
variability on cardiovascular risk factors in Japanese middle-aged men and women. Int J Obes.
2001; 25:1063-7

13. Anastasiou CA, Yannakoulia M, Pirogianni V, Rapti G, Sidossis LS, Kavouras SA. Fitness and weight
cycling in relation to body fat and insulin sensitivity in normal-weight young women. J Am Dietetic
Assoc. 2010; 110(2):280–4.

14. Cereda E, Malavazos AE, Caccialanza R, Rondanelli M, Fatati G, Barichella M. Weight cycling is
associated with body weight excess and abdominal fat accumulation: a cross-sectional study. Clin
Nutr. 2011; 30(6):718–23.



Page 17/20

15. Koh-Banerjee P, Wang Y, Hu F, Spiegelman D, Willett W, Rimm E. Changes in Body Weight and Body
Fat Distribution as Risk Factors for Clinical Diabetes in US Men. Am J Epidemiol. 2004;
159(12):1150–9.

1�. Rhee E, Cho JH, Kwon H, Park SE, Park CY, Oh KW, et al. Increased risk of diabetesdevelopment in
individuals with weight cycling over 4 years: The Kangbuk Samsung Health study. Diabetes Res Clin
Pr. 2018; 139:230–8.

17. Expert Panel on Detection E. Executive summary of the third report of the National Cholesterol
Education Program (NCEP) expert panel on detection, evaluation, and treatment of high blood
cholesterol in adults (Adult Treatment Panel III). JAMA. 2001; 285(19):2486.

1�. Mottillo S, Filion KB, Genest J, Joseph L, Pilote L, Poirier P, et al. The metabolic syndrome and
cardiovascular risk: a systematic review and meta-analysis. J Am Coll Cardiol. 2010; 56(14):1113-32.

19. Dulloo AG, Montani JP. Pathways from dieting to weight regain, to obesity and to the metabolic
syndrome: an overview. Obes Rev. 2015; 16:1-6.

20. Bosy‐Westphal A, Kahlhöfer J, Lagerpusch M, Skurk T, Müller M. Deep body composition
phenotyping during weight cycling: relevance to metabolic e�ciency and metabolic risk. obes Rev.
2015; 16:36-44.

21. Alibhai SM, Greenwood C, Payette H. An approach to the management of unintentional weight loss in
elderly people. Cmaj. 2005; 172(6):773-80.

22. WHO. Obesity: preventing and managing the global epidemic: WHO technical report series no 894.
World Health Organization, Geneva 2000.

23. WHO expert consultation. Appropriate body-mass index for Asian populations and its implications
for policy and intervention strategies. Lancet. 2004; 363:157-63.

24. Shiwaku K, Anuurad E, Enkhmaa B, Nogi A, Kitajima K, Shimono K, et al. Overweight Japanese with
body mass indexes of 23·0 to 24·9 have higher risks for obesity-associated disorders: a comparison
of Japanese and Mongolians. Int J Obes. 2004; 28(1):152-8.

25. Dekker FW, De Mutsert R, Van Dijk PC, Zoccali C, Jager KJ. Survival analysis: time-dependent effects
and time-varying risk factors. Kidney Int. 2008; 74(8):994-7.

2�. Lim U, Ernst T, Buchthal S, Latch M, Albright C, Wilkens L, et al. Asian women have greater abdominal
and visceral adiposity than Caucasian women with similar body mass index. Nutr & Diabetes. 2011;
1(5):e6.

27. Vergnaud A-C, Bertrais S, Oppert J-M, Maillard-Teyssier L, Galan P, Hercberg S, et al. Weight
�uctuations and risk for metabolic syndrome in an adult cohort. Int J Obes. 2008; 32(2):315-21.

2�. Prentice A, Caballero B, Allen L. Encyclopedia of human nutrition: Academic Press. 2005.

29. Arts EE, Fransen J, Den Broeder AA, van Riel PL, Popa CD. Low disease activity (DAS28≤ 3.2)
reduces the risk of �rst cardiovascular event in rheumatoid arthritis: a time-dependent Cox regression
analysis in a large cohort study. Ann Rheum Dis. 2017; 76(10):1693-9.



Page 18/20

30. Dulloo AG, Jacquet J, Montani JP, Schutz Y. How dieting makes the lean fatter: from a perspective of
body composition autoregulation through adipostats and proteinstats awaiting discovery. Obes Rev.
2015; 16(S1):25-35.

31. Bosy-Westphal A, Schautz B, Lagerpusch M, Pourhassan M, Braun W, Goele K, et al. Effect of weight
loss and regain on adipose tissue distribution, composition of lean mass and resting energy
expenditure in young overweight and obese adults. Int J Obes. 2013; 37(10):1371-7.

32. Strychar I, Lavoie M-È, Messier L, Karelis AD, Doucet É, Prud'Homme D, et al. Anthropometric,
metabolic, psychosocial, and dietary characteristics of overweight/obese postmenopausal women
with a history of weight cycling: a MONET (Montreal Ottawa New Emerging Team) study. J Am Diet
Assoc. 2009; 109(4):718-24.

33. Alberti KGM, Zimmet P, Shaw J. The metabolic syndrome―a new worldwide de�nition. Lancet. 2005;
366:1059-62.

34. So ES. Waist circumference and health-related quality of life by sex in the Korean elderly. J Aging
Health. 2014; 26(6):887-99.

35. Stevens J, Katz EG, Huxley RR. Associations between gender, age and waist circumference. Eur J Clin
Nutr. 2010; 64(1):6-15.

3�. Flannelly KJ, Jankowski KR. Research designs and making causal inferences from health care
studies. J Health Care Chaplain. 2014; 20(1):25-38.

Figures



Page 19/20

Figure 1

Flowchart of study population.
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Figure 2

Kaplan–Meier curves for the risk of metabolic syndrome


